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Executive s ummary  

2023 was the eighth industry -led surveys of herring in 6a.7bc. This summary refers to the 

survey in 6aN only, since from 2022 onward surveys in 6aN and 6aS7bc have been  

reported separately.   

Results of the ICES Benchmark Workshop on North Sea and Celtic Sea stocks (WKNSCS, 

ICES 2023) show that remaining uncertainties about the identity of herring stocks in 6aN, 

as well as uncertainties with acoustic survey abundance indices and the limited 

commercial catch providing only few samples of catch -at-age, make the use of analytical 

stock assessment problematic at this time. The benchmark workshop concluded that, at 

the present time, a full analytical assessment was not possible, and a category 3 

assessment method based on life-history and optimal length  would be most appropriate 

for advice on fishing opportunities for herring in 6aN.   The findings of the benchmark 

workshop were used to inform plans for the future monitoring requirements of herring 

stocks in 6aN and 6aS 7bc in 2022 and beyond, some of which are well suited to be 

undertaken by industry surveys.  

The aim of the survey and sampling undertaken from the monitoring fishery in 6aN is to 

maintain and improve the knowledge base of the genetic identity of herring s tock 

components in 6aN and provide an age-disaggregated acoustic abundance index that may 

be used by ICES to assist in assessing the herring stocks and establishing a rebuilding 

plan. 

One Scottish vessel equipped with a hull mounted calibrated 38KhZ Simrad EK80 

echosounder was deployed for 10 days. Weather was good throughout the survey and 

the vessel provided  a stable platform for data recording. Following the guidance arising 

from ICES Workshop on Herring Acoustic Spawning Surveys (WKHASS, ICES 2020), the 

survey again focussed on two principal spawning areas, with timing planned to coincide 

with the known spawning period. Marks of herring  were more considerably more 

abundant than in the previous tw o years, particularly in Strata 1 where they are typically 

seen in greater numbers. Mackerel were present throughout the survey area and some 

sprat marks were also detected. Herring marks were successfully sampled and none were 

determined to be spawning or  likely to spawn within a few days. Genetic samples were 

taken for later analysis, but because no spawning ready or spawning fish were present in 

samples, no genetic identity baseline samples are available from 2023. 

Two commercial catches of 6aN herring  were taken by the vessel a few days after the 

survey, with one catch in each strata, providing two commercial samples for use in 

assessment.  
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Following the benchmark workshop (ICES 2023), in 2023 the ICES herring assessment 

working group used a category 3 CHR rule to provide advice for catches in 2024 of 1,454t 

(ICES 2023a, 2023b). Of this, the UK quota is 959t (Defra 2023). Pending confirmation of 

details ÍÙÖÔɯ2ÊÖÛÓÈÕËɀÚɯ,ÈÙÐÕÌɯ#ÐÙÌÊÛÖÙÈÛÌ, plans for the 9th industry -led survey in 6aN 

are underway, based on assumed provisions for a monitoring quota of 680t.  
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1  Rationale, aim and objectives  

1.1  Rationale  

During the ICES benchmark workshop on herring west of the British Isles, the stock 

assessments of 6aN herring and 6aS/7bc herring (Figure 1.1) were merged into one 

combined assessment (ICES 2015a). The reason for this is that the summer acoustic 

surveys and fishery occur at a time when the northern and southern components are 

mixed, and the baseline morphometric information required to separate the two 

components was found to be unreliable due to evidence of changes over time. The 

consequence was that from 2015 to 2022, ICES advised a zero TAC, and recommended 

that a rebuilding plan be developed (ICES 2017a). The ICES HAWG also stated in its 

March 2015 report that there is a clear need to determine the relative stock sizes (ICES 

2015b).  

Under the auspices of the Pelagic Advisory Council, this situation catalysed fishing 

industry associations representing Scottish, English, Dutch, Irish, Northern Irish and 

German fishery interests to set about providing the much needed evidence required to  

establish reliable stock assessments for the separate stocks, and develop a rebuilding plan. 

In response to the STECF 2015 autumn plenary recommendation that it would be 

beneficial to maintain an uninterrupted time series of fishery -dependent catch data, and 

a subsequent special request (to ICES) by the European Commission, ICES provided 

advice on methods for undertaking a scientific monitoring fishery for the purpose of 

obtaining relevant data for assessment (ICES 2016a). In particular, the advice referred to 

the collection of data necessary to determine the identity and structure of the two stocks, 

collected in a way that (i) satisfies standard length, age, and reproductive monitoring 

purposes by EU Member States for ICES, and (ii) ensures that sufficient spawning -specific 

samples are available for morphometric and genetic analyses as agreed by the Pelagic 

Advisory Council monitoring scheme 2016 (Pelagic Advisory Council, 2016).   

This advice, and a resulting EU Council regulation (EU 2016/0203) that made provision 

for a scientific monitoring TAC of 5 800 tonnes (4 170 t in 6aN and 1 630 t in 6aS, 7bc) were 

the enablers for the first industry -led survey to take place. Similar provisions were  

established prior to  the UKɀÚ exit from the European Union, allowing continuation of the 

industry -led collaborative survey . Since then, more limited provisions have been made 

annually by 2ÊÖÛÓÈÕËɀÚɯ,ÈÙÐÕÌɯ#ÐÙÌÊÛÖÙÈÛÌ. The survey provided critical data on genetic 

stock identity and spawning distributions of herring that was used in the ICES Benchmark 

Workshop on North Sea and Celtic Sea stocks (WKNSCS, ICES 2023). An important 

outcome of the benchmark workshop was that the assessments for herring have since 

been split once more into two components: 6aN autumn spawning herring and 6aS/7bc 

winter spawning herring , based on their genetic identity.   
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However, r esults of the Benchmark Workshop show that remaining uncertainties 

surrounding the identity of herring stocks in 6aN, as well as uncertainties with acoustic 

survey abundance indices and reliably obtaining information on commercial catch -at-age, 

make the use of analytical stock assessment problematic at this time. In particular, results 

from the EASME project, which led the genetic analysis used in the Benchmark, were not 

able to differentiate 6aN spring spawning fish from late -spawning 6aS fish (Farrell et al. 

2021, 2022). The consequence of this is that these genetically distinct components 

currently sit outside of the assessment and are not accounted for in the estimation of 

herring abundance West of Scotland (WoS). Analysis of acoustic data undertaken as part 

of the international HERAS survey, and used in herring stock assessment, quantifies that 

this population may be of a similar size to the 6aN autumn spawning component (see 

ȿÏÌÙ-ƚƛÉÊɀɯÐÕɯ%ÐÎÜÙÌɯƕ.2Ⱥɯȹ.ɀ,ÈÓÓÌàɯÌÛɯÈÓȭɯƖƔƖƖȺȭ The benchmark workshop concluded that, 

at the present time, a full analytical assessment was not possible, and a category 3 

assessment method based on life-history and optimal length  would be most appropriate 

for advice on fishing opportunities for autumn spawning herring in 6aN.    

During the benchmark workshop, r esults from the industry acoustic -trawl survey 

conducted in September were evaluated and showed evidence for cohort tracking and 

consistency with results from the WoS part of the HERAS survey. This indicates the 

potential utility of the index, but the time series was considered too short and 

recommended to be extended to improve tracking of the herring cohorts through their 9+ 

years of life.  

The findings of the benchmark workshop have been used to inform plans for the future 

monitoring requirements of herring stocks in 6aN and 6aS 7bc in 2022 and beyond, some 

of which are well suited to be undertaken by industry surveys. The aim of future surveys 

and sampling undertaken from the monitoring fishery in 6aN is therefore: to maintain 

and improve the knowledge base of the genetic identity of  herring stock components in 

6aN, and to provide an age-disaggregated acoustic abundance index that may be used by 

ICES to assist in assessing the herring stocks and establishing a rebuilding plan. Initially 

it is proposed that the 6aSPAWN acoustic survey in September should continue for a 

minimum period of 10 years (2016-2025) (ICES 2023b). 

Following the benchmark workshop (ICES 2023), in 2023 the ICES herring assessment 

working group used a category 3 CHR rule to provide advice for catches in 2024 of 1,454 

t (ICES 2023a, 2023b). Of this, the UK quota is 959t (Defra 2023). Pending confirmation of 

details ÍÙÖÔɯ2ÊÖÛÓÈÕËɀÚɯ,ÈÙÐÕÌɯ#ÐÙÌÊÛÖÙÈÛÌ, plans for the 9th industry -led survey in 6aN 

are underway, based on assumed provisions for a monitoring quota of 680t.  
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Figure 1.1. Herring stock assessment areas. 



Page 9 of 67 

 

 

 

Figure 1.2 SSB (t) time-series for the individual split indices (2014 ɬ 2020). ȹ.ɀ,ÈÓÓÌàɯÌÛɯ

al. 2022) 

Key to legend:  

her-irlw (6aS and 7bc winter spawning herring)  

The her-vian (6aN autumn spawning herring)  

her-67bc (spring spawning herring of uncertain origin)  

her.27.6a7bc (mix of herring from 6.a and 7.b, c; i.e. unknown or below threshold fish) 

 

1.2  Overall Aim  

 

To maintain and improve the knowledge base of the genetic identity of herring stock 

components in 6aN, and to provide an age-disaggregated acoustic abundance index that 
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may be used by ICES to assist in assessing the herring stocks and establishing a rebuilding 

plan. 

 

 

1.3  Objectives  

 

1. Abundance estimation : Collect acoustic data and information on the size and age 

of herring and use it to generate an age-disaggregated acoustic estimate of the 

biomass of pre-spawning/ spawning components of herring in 6aN . (ȿWest of 

Scotland ÏÌÙÙÐÕÎɀȺȭ 

2. Spawning stock identity separation:  Collect genetic data from spawning ready 

fish to maintain the genetic baseline used to split stock components in surveys and 

assessments.  

3. Identify stock components in commercial catches. Collect genetic data from 

commercial catches to determine the identity of herring stock components of 

catches in 6aN. This will enable stock assessments to partition fishing mortality on 

different stock components and provide better estimation of sustainable fishing 

rates. 

4. Age composition of the commercial catch:  Collect catch-at-age data from the 

monitoring fishery to provide continuous fishery -dependent time series required 

for future analytical stock assessments. 

5. Evidence for a rebuilding plan:  Use the results of the surveys to contribute to the 

scientific basis for development of a rebuilding plan for herring in 6aN.  
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2  Material and methods  

2.1  Research plan  

The overall research plan involves the planning, implementation and analysis & reporting 

stages outlined in Figure 2.1. 
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Figure 2.1. Overview of the planning, implementation and analysis stages in the Western 

herring surveys.  
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specific sailing plan and survey protocol manuals (example available on request). Sections 

2.2 to 2.4 describe the survey methods in detail.  

2.1.2  Survey areas  and timing  

The areas of interest for the 6aN surveys have been defined based on the ICES advice on 

the monitoring fishery (ICES 2016a) and discussions with fishing skippers during the 

present and past planning meetings.  

Prior to the 2020, five areas were selected for surveying in 6aN (Figure 2.2). The areas 

coincided with the geographic distribution of known active herring spawning areas 

(Figure 2.3, and observed in previous surveys) and records of commercial catches (Figure 

2.4). Areas 2-4 are considered to be active spawning areas and Area 1 a pre-spawning 

aggregation area that contains an unknown mixture of stocks of Western and North Sea 

herring, where a large proportion of catches has been taken in recent years (ICES 2015a). 

Area 5 was added in 2018 and 2019 based on evidence from 2017 and local creel fishermen 

of herring on the east side of the North Minch. Systematic acoustic surveys (see section 

2.2) were conducted only in areas 2-5 in 6aN, but ad-hoc acoustic data was recorded by 

other vessels also. 

Following guidance arising from the ICES Workshop on Herring Acoustic Spawning 

Surveys (WKHASS, ICES 2020), since 2020 the survey area in 6aN has focussed on two 

principal spawning areas (Figure 2.5, 2.6), with timing planned to coincide with the 

known spawning period. The new strata 1 & 2 are reduced version of previous area 2 and 

3 and correspond to regions that have been covered consistently since 2016. Moreover, 

refocusing the survey to these new strata and re-analysis of surveys since 2016 has 

resulted in a consistent survey time series index (Mackinson and Berges 2022). 

The timing of surveys is shown in Table 2.1. 
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Figure 2.2.  Planned survey areas used in the 6aNorth surveys prior to 2020. Area 1- North 

pre-spawning mixing area, Area 2 -East of cape Wrath, Area 3 ɬ The Minch, Area 4 ɬ Outer 

Hebrides, Area 5 ɬ east Minch . 
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Figure 2.3. Spawning areas for herring in ICES subareas 6 and 7, with currently active 

spawning areas and pre-spawning aggregation areas for each stock indicated by black 

rectangles. Used in ICES 2016, redrawn from Geffen et al. (2011).  

 

Figure 2.4. Distribution of commercial catches reported in 6aN  in 2011. 
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Figure 2.5.  ÊÖÜÚÛÐÊɯÚÜÙÝÌàɯÙÌÊÖÙËÐÕÎÚɯÖÍɯÏÌÙÙÐÕÎɯÈÕËɯȿÔÈàÉÌɯÏÌÙÙÐÕÎɀɯÔÈÙÒÚɯÈÕËɯ

locations of commercial catches 2016-2019 in the newly defined Strata 1 & 2, showing 

overlap with previous survey Areas 2,3,5 (inset) and noting that the distribution of catches 

reflect spawning grounds. Catches (black dots) scaled proportionally. Acoustic marks are 

not scaled and denote location only.  
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Figure 2.6. Planned survey areas used in the survey. 
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Table 2.1. Timing of the survey.  

 

 

Table 2.2. Summary of equipment used for the acoustic survey. 
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2.2  Abundance estimation  

2.2.1  Acoustic survey design  

The purpose of the acoustic survey is to estimate the minimum spawning biomass of adult 

herring  and spawning ready herring within the boundaries of the survey areas . 

Acoustic surveys were conducted in survey strata 1 and 2 (Figure 2.5) designed on 

regularly spaced parallel transects (Figure 2.6). Transect direction was assigned 

perpendicular to the narrowest dimension of the survey area to maximise precision of the 

estimation by having many short transects rather than a few long ones. Vessel(s) 

acoustically surveyed the two strata at different timings (Table 2. 1). The survey dates 

aimed to give best chances to cover the peak time of spawning and were decided based 

on records of known spawning times and advice of fishermen familiar in working the 

areas. 

Sufficient time was factored in to the survey design to provide  opportunit y for the survey 

transects and areas to be adapted according to the situation observed, such as changes to 

the survey boundary to ensure full coverage of fish aggregations, or undertaking finer 

scale observations in high density locations. Table 2.2 summarises the survey setup for 

vessel(s) that participated in the survey , and notes any adaptations to the original planned 

survey transects.  

In 2023, one survey vessel was deployed. 

 

2.2.2  Equipment specifications and calibration  

See Table 2.2 for specification , e.g. frequency used and settings. 

The standard calibration procedure described in Demer et al. (2015)1 was used to calibrate 

the 38kHz channel of the echosounders deployed on the survey vessel (see Annex 1). 

Calibration settings from a previous calibration performed successfully by Echomaster.  

2.2.3  Acoustic survey protocols  

The survey was conducted in daylight hours only, approx. 07:00 to 19:00 UTC/GMT. At 

the beginning of the next day, the survey restarted and continued from the position it 

ended on the day before. This maintained continuity in the coverage and avoided the 

possibility of double counting herring schools, which can occur if the s urvey does not 

 
1 http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf 

http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf


Page 20 of 67 

 

continually progress in the same direction . Survey speed was ~10 knots throughout, 

reduced as needed depending on weather condition. 

To maximise acoustic data quality, the survey vessel took on board ballast water to the 

fish holding tanks  to aid stability of the vessel and minimise cavitation. The vessel proved 

to be a very stable platform in all the conditions experienced and at no time was the 

quality of acoustic data compromised. While surveying on transect, all other acoustic 

equipment was turned off to eliminate interference with the  echosounder. Only during 

fishing operations were other acoustic instruments used. A motion reference unit  was 

used to compensate for heave, pitch and roll.  

Raw acoustic data were recorded and stored on the ships PC and backed up each day on 

a portable hard disk drive for later processing.  Survey log sheets were used to record haul 

position and other events relevant to aiding in the interpretation of the acoustic data.  

 

2.2.4  Fishing operations for scientific samples  

During the acoustic survey, selected fish marks were targeted with a fishing operation  

(Figure 2.7 to capture fish for the purposes of: 

(i) Confirming the species identity of acoustic marks, particularly those 

suspected to be herring or to confirm that they were definitely not herring.  

(ii)  Collecting samples for biological analysis  and to enable disaggregation 

acoustic densities into length/age groups. 

The fishing operations were directed to take a catch of the smallest possible size sufficient 

for biological sampling.  The vessels were granted a derogation to discard fish that were 

not required to be retained for biological sampling , subject to specific conditions.  
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Figure 2.7. Schematic description of fishing operation to collect a biological catch 

sample during an acoustic survey.  

 

A sampling bag specifically designed for use by commercial vessels during the survey 

was attached to the end of the herring net (Figure 2.8). The purpose of the bag is to ensure 

that a representative sample of the catch can be retained, while at the same time allowing 

for release of fish in the event that the catch may be larger than required for a sample.  

Track record since 2016 shows that these events are very rare but may occur specifically 

when a very dense spawning mark is targeted for a sample. This is a particular risk during 

this survey because samples of spawning fish are specifically required to provide the 

stock-specific genetic identity baseline samples. There are benefits and drawbacks to 

using the sampling bag and the performance of the bag is very difficult to assess because 

it is not possible to control the many variables that may affect the catch. On balance, both 

the result that successful biological samples were retained and fish were observed to 

escape the bag when full , it is considered that the use of the sample bag was appropriate.  
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Figure 2.8. The sampling bag
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2.2.5  Biological sampling  

The purpose of the biological sampling was to 

i. provide data on the relative abundance of 0.5cm each length and age class of 

herring, which is needed  to make age-disaggregated acoustic abundance 

estimates. 

ii.  determine the maturation state of herring and  indicate the location and timing of 

spawning . 

iii.  perform  genetic analysis to identify stock ID .  

 

2.2.5.1  Haul information  

Haul data were recorded using the same template for all surveys, 1 sheet per haul. 

Information was recorded on the date, time, fishing position, depth, gear, catch 

composition, total weight of catch and weight of the sub sample taken for length 

frequency and biological sampling. To aid in processing the acoustic data, screen captures 

were taken during the haul operation ; identifying first the targeted mark and later the 

marks covered while trawling.  Comments about the marks were written on the haul sheet, 

as well as whether or not the herring w ere Ú×ÈÞÕÐÕÎɯȹÉÈÚÌËɯÖÕɯɁÙÜÕÕÐÕÎɂɯÌÎÎÚɯÈÕËɯÚ×ÌÙÔɯ

upon capture) and whether any catch remaining after biological sampling was retained 

or discarded. 

2.2.5.2  Catch sampling  

The catch sampling procedure was as follows: 

¶ Catch is hauled astern and loaded into a large plastic pallet box, which when full 

holds approximately 500kg  (Figure 2.9). 

¶ Weight of the catch of all species, or where the catch was too large, 3-5 randomly  

mixed baskets were taken as a sample of the catch and weighed. The total catch 

weight was estimated based on the fullness of the pallet box.  

¶ The catch sample was sorted and the total weight of each species recorded.  

¶ One full basket (or 2 half) of herring was weighed (approx. 30kg). This subsample 

was used to determine lengths, weight, age and for genetic samples. (see below). 

(Figure 2.10) 
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Figure 2.9. Example of large plastic pallet bin  (capacity when full ~500kg). 
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Figure 2.10. Illustration of the required catch sampling procedure.  
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2.2.5.3  Length measurements  

The length of all the herring in the subsample was measured and recorded to the nearest 

half centimetre below  (e.g. if the fish was 24.7cm then it was recorded as 24.5cm). This 

data is used to determine a length frequency distribution  of the catch and subsequently 

to apply an age-disaggregated estimate of biomass. Additional biological measures (next 

section) were recorded from five fish within each half centimetre length class.  

2.2.5.4  Whole weight, Sex, Maturity stage, Otolith, Genetics  

Each fish from was assigned an ID number so that subsequent genetic samples can be 

cross-referenced to biological data.  

 

In addition to the length, t he following information was recorded for each fish.  

¶ Weight in g  

¶ Sex  

¶ Maturity stage from 1 -9 based on the classification in the Scottish and Irish 

sampling (MSS manual 2011) and later converted to the ICES 6 point scale (ICES 

2011) (Table 2.3).   

¶ Otoliths were extracted for age determination at the lab. Standard procedures for 

age determination from the growth rings on the otoliths (ear bones) of herring 

were used to determine the age of fish sampled (ICES 2005). This age data was 

used to create an age-length key (ALK).  

¶ If the fish was from a spawning haul  tissue samples were collected following 

genetic sampling protocols (see 2.3.3). 

 

Table 2.3. Translation of Marine Scotland  9 point maturity scale to ICES 6 point scale 

N INE POINT  MATURITY  SCALE  

(M ARINE SCOTLAND MANUAL ) EQUIVALENT  ICES SCALE  STAGE  

1 Immature virgin  1 (Immature) 

2 Immature 1 (Immature) 

3 Early maturing  2 (Mature ɬ but not included in spawning category)) 

4 Maturing  2 (Mature ɬ but not included in spawning category)  

5 Spawning prepared 3 (Mature ɬ included in spawning category)  

6 Spawning 3 (Mature ɬ included in spawning category)  

7 Spent 4 (Mature ɬ Spent ɬ included in spawning category)  

8 Recovering/resting 5 (Mature ɬ resting - not included in spawning category)  

http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2011/WKMSHS/WKMSHS%20Report%202011.pdf
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9 Abnormal  6 (Abnormal ɬ not included in Mature or spawning 

categories) 

  

 

 

2.2.6  Acoustic Analysis methods  

2.2.6.1  Echogram scrutini sation  ð partitioning to species  

Scrutini sing echograms involves identifying fish marks and assigning them to species, 

and ensuring that any non -fish acoustic signals are not included as fish (e.g. bottom 

signals). 

Assigning fish marks to species is a heuristic process that relies upon (i) evidence from 

ÛÏÌɯÛÈÙÎÌÛÌËɯÏÈÜÓÚɯÔÈËÌɯËÜÙÐÕÎɯÛÏÌɯÚÜÙÝÌàȮɯȹÐÐȺɯ×ÙÐÖÙɯÌß×ÌÙÐÌÕÊÌɯÖÍɯȿÌß×ÌÙÛÚɀɯȹÍÐÚÏÌÙÔÌÕɯ

and acoustic scientists) based on their knowledge of what was caught when certain types 

of fish marks were fished upon in the area in previous surveys occurring around the same 

time, and (ii i) knowledge of fish behavior.  

6ÏÐÓÌɯÐÛɀÚɯÐÔ×ÖÚÚÐÉÓÌɯÛÖɯÉÌɯƕƔƔǔɯÊÖÕÍÐËÌÕÛɯÞÏÌÕɯÈÚÚÐÎÕÐÕÎɯÍÐÚÏɯÔÈÙÒÚɯÛÖɯÚ×ÌÊÐÌÚȮɯ

following some agreed guidelines for classification of marks greatly improve s the 

consistency in the way that acoustic data from different surveys are scrutinized . Hence, 

this ensures the quality and comparability of the biomass estimates  between the different 

surveys and between years. 

Acoustic fish marks were classified in to the following categories (See examples in Figure 

2.12): 

¶ Herring  ɬ confident that the marks were herring based on either evidence 

from a targeted haul or proximity and similarity to other schools known to be 

herring.  

¶ Probably  herring  ɬ aggregations/ collections of marks within reasonable 

vicinity of definite herring marks ( approx. 10nm radius) and shape and 

appearance similar to definite herring marks but often associated with hard 

ground where identity cannot be confirmed by trawling.  

¶ Possibly herring ɬ Marks that look like herring, but possibly isolated 

individual marks and found in areas beyond the immediate vicinity of 

confirmed herring marks.  

¶ Cap-hugging marks  ɬ from 2016-2018, significant marks have been observed 

on rocky outcroppings that are not possible to trawl  (see examples in 2019 

report) . Despite consulting acousticians and fishermen, the expert knowledge 
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on these marks was inconclusive, hence they were classified separately. In 

July 2019, FV Grateful sought to identify these marks with a drop -down 

camera, the evidence from which suggests that they are not herring, but more 

likely Norway pout, juvenile gado ids and zooplankton concentrations. 

However, there is a need to verify this for the September surveys, and some 

uncertainty still remains regarding possible avoidance by herring, which we 

hope to address in future work.  It is important to note that where  marks on 

the sides of steep slopes of outcropping occurred, they were excluded from 

the analysis because of the possibility of being registration of acoustic side 

lobes.  

¶ Sprat ɬ confident that the marks were sprat based on either evidence from a 

targeted haul or proximity and similarity to other schools known to be sprat.  

A lot of very dens e discrete schools close to the surface are believed to be 

sprat. Targeted hauls generally have low success rate due to fish going 

through the net and difficulties in fishing close to the surface. Sprat schools 

tend to be sharp streak-like marks that are very dense. They can also occur in 

mixed 

¶ Unclassified ɬ confident that the marks were not herring or sprat based on 

either evidence from a targeted haul or proximity and similarity to other 

schools known to not be herring, or characteristics atypical of herring schools.    

¶ Horse mackerel ɬ routinely found in  the 6aN survey area. They can be 

difficult to identify and require trawl verification because they look a lot like 

herring marks, although they are generally more amorphous in shape and 

form more extended layer -like aggregations near the bottom.  

¶ Mackerel ɬ The difference in frequency response from 38 to 200 KHz 

(stronger) makes mackerel easier to identify. The y tend to be found in layers 

(can be at different depths) and are ubiquitous in 6aN with some mackerel 

caught in most hauls.  

¶ Norway pout  -  at 38 KHz, norway pout marks can look very similar to 

herring marks and separating them can be difficult. In 6aN during September, 

whereas herring marks are typically found of flat ground of suitable 

spawning substrate, verifiable norway pout marks are fou nd over more 

undulating areas. They may form large schools, and often exhibit a shape 

ÊÏÈÙÈÊÛÌÙÐÚÛÐÊɯÛÏÈÛɯÓÖÖÒÚɯÓÐÒÌɯȿÖÓËɯÔÌÕɯÓÌÈÕÐÕÎɯÐÕÛÖɯÛÏÌɯÞÐÕËɀȭɯ!ÌÐÕÎɯÚÔÈÓÓȮɯÛÏÌàɯ

tend to mark hard on the echosounder. They are particularly problematic t o 
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separate from herring if found on the same ground, not least because they are 

small and most fish that may have been caught are not retained in the net. 

How strongly the acoustic marks are displayed on the screen (backscatter threshold) can 

have a bearing on the interpreters classification of the acoustic marks and their selection 

using school detection algorithms. While it is desirable to be consistent in the setting of 

this parameter, in practice the setting is determined largely by th e need to filter out fish 

schools from other acoustic signals that create noisy backscatter data. The echograms 

were generally analysed at a threshold of -60 to70 dB. Other methods used to help 

distinguish herring marks from other fish and organisms causin g backscatter included 

ÓÖÖÒÐÕÎɯÈÛɯÛÏÌɯȿÍÙÌØÜÌÕÊàɯÙÌs×ÖÕÚÌɀɯȹÐȭÌȭɯÏÖÞɯÛÏÌɯÉÈÊÒÚÊÈÛÛÌÙɯ×ÙÖ×ÌÙÛÐÌÚɯÓÖÖÒɯÈÛɯËÐÍÍÌÙÌÕÛɯ

acoustic frequencies). Great attention was given to comparing and discussing the types of 

marks recorded and validated by trawls from all of the vessels involved in the survey. In 

the end, every school was manually scrutinised thereafter to ensure that it was 

appropriately classified and delineated based on the available information.  

 

(a) 

 

H1 
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H2 

 

H3 
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H4 

 

H5 
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H6 

 

 

H7 
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H 8 & 9 

 

 

H10 
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H11 

(b) 

haul HER HOM MAC HAD SPR 
Sample weight 
(kg) 

1   80% 20%     2.5 

2 85% 10%     5% 200 

3 2%   74% 25%   40.65 

4           0 

5     67% 33%   1.5 

6           0 

7 4%   80% 16%   125 

8     100%     30 

9 23%   78%     100 

10 91% 2%   1% 5% 219.6 

11 33%   32%   35% 100 
 

Figure 2.12. (a) Echograms of representative sample hauls. (b) catch composition of hauls 

(to aid interpretation).  
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2.2.6.2  Age disaggregated a bundance estimation  

The process for estimating abundance and biomass from the acoustic data is shown in 

Figure 2.14, with additional description given below.  

 

Figure 2.14. Flow diagram of the analysis methods to estimate abundance and biomass. 

Blue boxes ɬ biological data; black boxes ɬ treatment of acoustic data; red boxes- derived 

abundances indices; green box ɬ uncertainty estimates 

The StoX software (Johnsen et al, 2019)2 (projects created in version 2.7 and version 3.6.2) 

(http://www.imr.no/forskning/prosjekter/stox/nb -no) was used to calculate the age 

disaggregated acoustic abundance estimates. StoX is an open source software developed 

at IMR, Norway to calculate survey estimates from acoustic and swept area surveys. The 

program is a stand-alone application built in Java for easy sharing and further 

development in cooperation with other institutes, and is now routinely used to derive 

abundance estimates from WGIPS coordinated surveys. Documentation and user guides 

 
2 http://www.imr.no/forskning/prosjekter/stox/nb-no 

http://www.imr.no/forskning/prosjekter/stox/nb-no
http://www.imr.no/forskning/prosjekter/stox/nb-no
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are available from the website.  Estimation of abundance from acoustic surveys with StoX 

is carried out according to the stratified transect design model developed by Jolly and 

Hampton (1990). Coefficient of variance (CV) estimates of biomass and abundance for the 

survey strata and the overall strata areas combined were generated using the RStox 

framework package (version 3.1.0).  

The scrutinisation of the echograms was first performed using Echoview post-processing 

software and Nautical Area Scattering Coefficient  values assigned to herring marks were 

exported for each 1nm cell. Then, the calculation of age disaggregated abundance was as 

follows:  

1. Define survey strata.   In 6aN, two strata were defined  (Figure 2.6).  

2. Assigning herring length data from trawls to acoustic transects.  For each transect 

within each survey strata, the length distribution of herring associated with the 

transect was determined as the un-weighted mean of all trawls allocated to the 

respective transects. The allocation of trawls to each transect is shown in Figure 

2.13.   

3. Expected backscattering cross section of fish in each length group.  The mean 

acoustic backscattering cross-ÚÌÊÛÐÖÕɯɁÚÐÎÔÈɂɯȹϦbs) for each length group of herring 

was calculated from the length frequency data assigned to each transect using the 

target strength-length relationships for herring recommended by the ICES 

Working Group on International Pelagic Surveys. Where, the target strength (TS) 

relationship used to calculate the mean acoustic backscattering cross-sections for 

herring is:  

 

TS = 20log10 (L) ɬ 71.2   [at 38 kHz]  for herring 

and the mean acoustic backscattering cross section is: 

     ssp =4p.10(TS/10) 

 

4. The average density of herring in each length class on a single transect  was 

calculated by dividing the Nautical Area Scattering Coefficient (NASC - the area 

backscattering coefficient for a particular integration region in areal units 

(m2/nmi 2), within each Elementary Distance Sampling Unit (EDSU, here =1nmi) on 

each transect by the length-Ú×ÌÊÐÍÐÊɯϦbs (acoustic fish backscatter) assigned to the 

transect, then averaging over the EDSUs.  

5. Numbers of herring in a single stratum & total numbers. For each length group, 

a weighted average (weighted by transect length) of the mean density of herring 
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in each transect is multiplied by the area of the stratum. Total numbers at length is 

the sum for each stratum. 

6. The numbers and biomass per age & maturity class.   Trawl data on the 

relationship between length, age and maturity stage were used to partition the 

numbers at length to estimates of numbers and biomass in each age class and 

maturity stage. The 9 point maturity stage classification used by Marine Scotland 

Science (MSS manual 2011) was converted to the ICES 6 point scale prior to analysis  

(Table 2.3) (ICES 2011).   

7. Estimate of the relative sampling error. Within StoX a bootstrap procedure was 

used to estimate the coefficient of variance (CV) of the estimate of numbers at 

length. The procedure randomly selects transects within a stratum in every n 

bootstrap iteration (n =1000). For each selected transect, biological information 

from trawl stations that were assigned to the transect are randomly sampled and 

used as input to estimate fish abundance in the stratum in that particular bootstrap 

iteration. Each bootstrap iteration f ollows the same estimation procedures as used 

in StoX and described above (using the combination of mean acoustic density per 

transect and associated biological information, to estimate fish numbers at length 

in each stratum).  

8. Choosing the best estimate from replicates . Where replicate acoustic surveys 

were conducted for each stratum, the maximum biomass estimate of these was 

chosen as the best estimate. 

 

Acoustic data were recorded on hard-drives at sea and uploaded to network facilities back 

at the laboratory. The acoustic metadata and cleaned post-processed EV files are stored 

ÖÕɯÛÏÌɯ2/% ɀÚɯÚÌÊÜÙÌɯÊÓÖÜËɯÚÛÖÙÈÎÌɯÈÕËɯÐÕɯMarine Scotland Science data base following 

established procedures. Estimates of NASC values and biological sample data from the 

surveys are stored in the ICES acoustic database, since surveys began in 2016. 

 

http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2011/WKMSHS/WKMSHS%20Report%202011.pdf
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Figure 2.13. Acoustic transects and haul identifiers used in analyses and assignment of 

biostations. All trasects in strata 2 assigned biological samples from herring hauls in strata 

1 (h11,10, 9, 2).  Haul 3 and 7 excluded due to low samples  (and h7 out of area). 

 

2.3  Stock identity separation  

2.3.1  Sampling design, key requirements  

Samples for discrimination  of the genetic baseline identity were collected from selected 

survey hauls, and any commercial catches.  

Key requirements: 

¶ The herring caught are close to or actually spawning, so that we can be certain they 

are not just moving through the area. 

¶ Samples should cover the survey area. This is achieved by taking more small hauls, 

rather than a few large ones.  

¶ To enable the quality of fish for scientific sampling to be maintained, sufficient time 

needs to be allowed between hauls to ensure that sampling personnel can process 

the sample immediately while fresh.  

 

haul 3 

haul 7 

STRATA 2 

STRATA 1 

haul 11 

haul 10 

haul 9 

haul 2 
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2.3.2   Catch sampling procedure for genetic samples  

See 2.2.5.4 

2.3.3  Genetic sampling protocols  

Genetic samples were collected during the biological processing of samples according to 

the protocol below.  

 

 

 

¶ Clean scissors were used to cut a 0.5-1 cm3 piece of white muscle tissue from each 

fish in the area indicated on the image above. Care was taken not to include skin 

and scales with the samples. 

¶ Tissue was placed into the sample tube with molecular grade ethanol and the lid 

secured tightly.  

¶ Care was taken to ensure that the sample was not too big and was completely 

surrounded by ethanol in the sample tube.   

¶ Boxes of sample tubes were stored upright in a fridge (4°C). 

 

2.3.4  Genetic Analysis  

The ICES benchmark workshop covering 6a7bc herring (WKCSNS, ICES 2023) concluded 

that genetic information should be used as the future basis for splitting herring stocks in 

6aN and 6aS7bc. This requires that genetic samples of spawning or spawning ready fish 

are required to maintain  the genetic baseline used to identify and split the stocks in 

surveys and assessments. 

In addition, the benchmark also recommended the collection of genetic samples from 

commercial catches. The purpose of this to be able to partition commercial catches into 

different stock components so that the fishing mortality  and sustainable fishing rates on 

the stock being assessed can be correctly determined. This is relevant in 6aN where recent 

genetic results from survey and commercial catches in autumn show that 6aN autumn 

spawners are genetically the same as the stock of North sea autumn spawning he rring, 
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and that spring spawning fish, of uncertain origin, may also be caught during commercial 

catches in September, albeit infrequently.  

No financial provision was made for the analysis of 2021 or 2022 industry survey and 

monitoring fishery samples. The Marine Institute agreed to take these samples and 

include them with their own analysis arrangements where possible.  

In the absence of an arrangement with the MI, or where the MI does not have capacity, y 

samples taken will be kept in storage until such time that arrangements have been made 

for analysis. A decision on this is pending. Samples taken in 2023 are being held at Marine 

Directorate facilities until funding becomes available to analyse the samples.  

 

2.3.5  Data storage  

Data from genetic analyses will be stored in the Marine Institute.  

 

2.4  Age composition of the commercial catch  

In 2023, 2ÊÖÛÓÈÕËɀÚɯ,ÈÙÐÕÌɯ#ÐÙÌÊÛÖÙÈÛÌ (Tender Specification 1323H) made provision for 

payment of 6a herring monitoring  survey consisting of: 

272 tonnes of West of Scotland herring quota, to be fished in 2023, and 

408 tonnes of North Sea herring scientific quota, to be fished in 2024. 

Provision of West of Scotland herring is based on the need to maintain the commercial 

catch time series for the purpose of stock assessment (see below in italics). 

 

ICES advice for a scientific monitory fishery (ICES 2016a) states that a specific sampling 

programme is needed to ensure continuity of the time-series of fishery-dependent catch data 

and to ensure that samples of the appropriate number and geographic/temporal distribution 

are collected. It refers to the need to collect samples from the pre-spawning aggregations in 

area 1, where a large proportion of catches has been taken in recent years, and based on 

Ɂ×ÙÌÊÐÚÐÖÕɯÓÌÝÌÓɯƖɂɯÖÍɯÛÏÌɯ#ÈÛÈɯ"ÖÓÓÌÊÛÐÖÕɯ%ÙÈÔÌÞÖÙÒɯȹ#"%ȺȮɯÐÛɯÚ×ÌÊÐÍÐÊÈÓÓàɯÈËÝÐÚÌÚɯÛÏat the 

number of samples to be collected in a monitoring fishery is: 

29 in 6aN  

17 samples in div 6aS/7bc  

 and that effort should be spent such that an equal distribution of samples is taken in each 

of the six sampling areas (Table 2.4). 



Page 41 of 67 

 

Table 2.4. Catch sampling target based on equal area distribution and area weighting 

Region Sampling area ICES 

rectangle 

Area 

(nm2) 

Area weighted 

no. samples 

per survey 

area 

Approx equal 

weighted no. 

samples per 

survey area 

6a North Area 1(Pre-spawn) 47E5,48E5 1827 13 8 

6a North Area 2 (North) 
 

803 6 7 

6a North Area 3 (Minches) 
 

799 6 7 

6a North Area 4 (Hebrides) 
 

735 5 7 

6a South/ 7b,c Area 5 (North 

Donegal) 

39E2, '39E1 2052 11 9 

6a South/ 7b,c Area 6  (West 

Donegal) 

38E1 1039 6 8 

 

2.4.1  Age determination (otolith reading)  

Standard procedures for age determination from the growth rings on the otoliths (ear 

bones) of herring (ICES 2005) were used to determine the age of fish sampled. This age 

data was used to create an age-length key (ALK).  

 

2.4.2  Data storage  

Data are stored on dedicated dropbox owned by SPFA and acoustic data submitted to 

ICES databased and stored Marine Scotland Science survey database following 

established procedures. 
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3  Results  

3.1  Sampling summary  

3.1.1  Sampling statistics   

Marks of herring were more considerably more abundant than in the previous two years  

(Figure 3.1), particularly in Strata 1 where they are typically seen in greater numbers.  

Mackerel were present throughout the survey area and some sprat marks were also 

detected. Herring  samples revealed similar length distributions, dominated by fish aged 

2-5 (Figure 3.3, 3.4). None of the sampled herring were determined to be spawning or 

likely to spawn within a few days  (Figure 3.5). Genetic samples were taken for later 

analysis.  

Locations of sample hauls whose biological data were used for the estimation of the 

biomass of herring in 6aN are shown in Figure 3.2, Table 3.1.   

 

Figure 3.1. Map of relative acoustic density.  
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Figure 3.2. Locations of biological sample hauls. 

(a) 
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(b) 

 

Figure 3.3. Length frequencies (a) and Length-weight relationship (b) for the sample hauls 

 

 

 

Figure 3.4. Herring age length keys for the sample hauls. 
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Figure 3.5. Herring maturity scales for the sample.  Marine Scotland scale, where stage 5 

is spawning ready and stage 6 is spawning (see Table 2.3). 
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Table 3.1. Haul information and catch composition for hauls relevant to the analysis of the acoustic surveys in 6a N. 

 
     Position  Catch by species (kg)   

haul  date Herring 

caught? 

Spawning 

herring? 

Type 

haul 

Plot_lon Plot_lat HER HOM  MAC  HAD  SPR Sample weight 

(kg) 

1 04/09/2023 N N S -5.540 58.431 
 

2 0.5 
  

2.5 

2 05/09/2023 Y N S -5.606 58.627 170 20 
  

10 200 

3 06/09/2023 Y N S -5.365 58.778 0.65 
 

30 10 
 

40.65 

4 07/09/2023 N N S -4.899 58.815 
     

0 

5 08/09/2023 N N S -4.443 58.778 
  

1 0.5 
 

1.5 

6 09/09/2023 N N S -5.591 58.701 
     

0 

7 09/09/2023 Y N S -5.751 58.868 5 
 

100 20 
 

125 

8 09/09/2023 N N S -5.688 58.653 
  

30 
  

30 

9 09/09/2023 Y N S -5.673 58.639 22.5 
 

77.5 
  

100 

10 10/09/2023 Y N S -5.603 58.586 200 5 
 

2.6 12 219.6 

11 10/09/2023 Y N S -5.651 58.481 33 
 

32 
 

35 100 
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3.2  Abundance estimation  

Biological data were used to estimate the abundance and biomass of herring in each strata 

according to length, age and maturity stage.   

A summary table for the entire surveyed area (Table 3.2, Figure 3.6) and breakdown for 

each area (Table 3.3) is followed by the CV of the abundance at age (Table 3.4, Figure 3.7) 

and biomass estimate for each strata (Table 3.5).  

 

Table 3.2. Combined results for all strata. (Figures in bold are weighted averages based 

on the numbers in each age group). 

Results for all strata combined 2023 

Age (ring) Numbers (mill) Biomass (kt) Maturity  Mean Weight (g) Mean Length (cm) 

0 0 0.0     

1 1 0.1 0.14 76.3 20.9 

2 25 3.3 0.87 129.8 24.8 

3 32 5.3 1.00 166.2 26.6 

4 52 9.9 0.99 189.6 27.6 

5 17 3.4 1.00 198.7 28.1 

6 3 0.6 1.00 199.5 28.4 

7 6 1.3 1.00 214.7 29.0 

8 4 1.0 1.00 224.7 29.9 

9+ 1.1 0.3 1.00 241.6 30.3 

Immature 5 0.532   117.3 23.9 

Mature 137 25   178.9 27.2 

Spawning 0 0       

unknown 0 0       

Total 142 25.10 0.97 177.0 27.1 
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Table 3.3. Strata summary  

 Strata summary 2023 

Strata Abundance (mill) Biomass (kt) Mean length (cm) Mean weight (g) 
% 
Mature 

Strata 1 130 23.2 27.1 178.1 0.97 

Strata 2 11.9 2.0 26.4 164.4 0.94 

TOTAL 142 25.10       

 

 

 

Figure 3.6 Combined abundance at age and per strata. 

 

 

 

 

 



Page 49 of 67 

 

 

 

Table 3.4. Summary CV estimates on abundance at age. 

Abundance estimates are only available for Strata 1 because no herring NASC was 

recorded in Strata 2. 

age Ab.Sum.5% Ab.Sum.50% Ab.Sum.95% Ab.Sum.mean  Ab.Sum.sd  Ab.Sum.cv  

1 0.00 0.49 1.71 0.61 0.57 0.94 

2 5.29 17.78 40.95 20.06 11.75 0.59 

3 3.96 23.56 55.15 25.14 15.55 0.62 

4 3.97 31.44 85.95 36.09 25.48 0.71 

5 1.28 11.06 30.34 12.83 9.37 0.73 

6 0.26 2.09 6.42 2.51 2.06 0.82 

7 0.18 3.88 11.61 4.45 4.02 0.90 

8 0.20 2.54 7.92 3.02 2.55 0.85 

9 0.00 0.82 3.07 1.02 1.07 1.05 

 

Figure 3.7. Abundance at age with CV estimate  

Table 3.5. Summary CV estimates for survey areas. 

Ton by stratum  Ton.5% Ton.50% Ton.95% Ton.mean Ton.sd Ton.cv 

Strata1 1278 14844 40119 16765 11947 0.71 

Strata2 253 1731 4042 1874 1164 0.62 

       

Total number by stratum 

(mill)  

Ab.Sum.5

% 

Ab.Sum.50

% 

Ab.Sum.95

% 

Ab.Sum.me

an 

Ab.Sum.s

d 

Ab.Sum.c

v 

Strata1 8348534 84986143 221396648 94726039 65532159 0.69 

Strata2 1560117 10636904 24285660 11386819 6953345 0.61 

       

Ton by survey  Ton.5% Ton.50% Ton.95% Ton.mean Ton.sd Ton.cv 

 2633 16813 42253 18587 12113 0.65 
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Total number by survey 

(mill)  

Ab.Sum.5

% 

Ab.Sum.50

% 

Ab.Sum.95

% 

Ab.Sum.me

an 

Ab.Sum.s

d 

Ab.Sum.c

v 

 16804446 98142367 234900704 105809538 66495872 0.63 

 

3.2.1.1  Survey uncertainty  and limitations  

No samples of herring were recorded in strata 2, so estimation of herring abundance at 

age relies on samples from strata 1, which assumes that herring recorded acoustically in 

strata 2 had the same biological characteristics as those in strata 1. 

 

3.2.1.2  Time series abundance index  

Pelagic industry and scientific institutions from Scotland, The Netherlands, and England 

have worked closely together since 2016 to undertake scientific surveys on herring stocks 

in 6aN. These surveys were conducted during pre -spawning and spawning time , with the 

aim of provid ing relevant data and information to ICES to assist in determining the 

identity of stocks and assessing their status. 

The principal purpose of the acoustic survey is to provide an index of abundance and 

biomass for all mature stages and ages of herring, and a separate index for those in 

spawning condition ( ICES maturity scale stage 3-4, Marine Scotland scale 5-7).  

A summary of the surveys and how the design and implementation has adapted over 

time is provided in the report of the ICES Workshop on Herring Acoustic Spawning 

Surveys (WKHASS). The review of survey design by WKHASS concluded that analysis 

focussing on former areas 2 & 3 (labelled as such from 2016-2019), would provide the best 

candidates for such indices. The newly-defined focal strata 1 & 2 incorporate parts of the 

original survey areas 2,3 & 5 (Figure 2.5).  

The utility of the ȿƚÈ2/ 6-ɀɯacoustic index (Mackinson and Berges 2022) was evaluated 

in the benchmark assessment in February 2022 (ICES 2023a). Inclusion of the index in the 

trial assessment model (which was not ultimately used) showed its potential value, but it 

was considered too short, and was recommended to be extended to improve tracking of 

the herring cohorts through their 9+ years of life.    

This section provides an overview of the results, showing the following:  

¶ Distribution of acoustic density of herring (Figure 3.8) 

¶ Abundance indices for all ages (Figure 3.9) 
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¶ Abundance estimate by length group and age (Figure 3.10) 

¶ Abundance per year class (Figure 3.11) 

¶ Abundance indices for mature and immature components (Figure 3.1 2) 

¶ Biomass indices for maturity herring (SSB) and spawning ready herring 

(Spawner biomass (Figure 3.13) 

¶ CV estimates for the abundance and biomass indices (Figure 3.14, 3.15) 

¶ Biological indices ɬ length, maturity and weight -at-age (Figure 3.16) 

¶ Comparisons with Malin Shelf (MSAS) and West of Scotland (WoS) acoustic 

survey ind ices (Figure 3.17 [not included in this report] ) 

 

 
Figure 3.8. Herring acoustic density distribution (NASC) for the surveys in 6aN.  
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Figure 3.9. Historical abundance at age.   
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Figure 3.10. Abundance estimate by length group (1 cm bins) and age (winter rings).  
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Figure 3.11. Abundance indices at age (winter rings) and year. Note diverging scales of 

abundance between ages. 
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Figure 3.12. Historical abundance of mature and immature individuals.  

 

Figure 3.13. Historical SSB and biomass of spawners. Spawners are individuals at ICES 

maturity stage 3 and 4. 
























